UNCLASSIFIED 

SEcuRiT*  C.aSSiF'Ca TON  Q?  °ST$  -a~ 


OjlT  Firr  rnri^P 


REPORT  DOCUMENTATION  PAGE 

I  10  RESTRICTIVE  MARKINGS 


AD- A 197  263  r 

4  PERFORMING  ORGANIZATION  REPORT  NUMBERlsT 

NMRI  87-76 


i  distribution/ availability  of  report 
Approved  for  public  release; 
distribution  is  unlimited 

"s'  monitoring  organization  report  numberis) 


6a  NAME  OF  PERFORMING  ORGANIZATION 

Naval  Medical  Research 

6o  OFFICE  SYMBOL 
(If  applicable) 

7a.  NAME  OF  MONITORING  ORGANIZATION 

Naval  Medical  Command 

Sc.  ADDRESS  (Cry,  Stare,  ancr  ZIP  Code) 

Bethesda,  Maryland  20814-5055 

7b.  ADDRESS  iCity,  State,  and  ZIPCoae) 

Department  of  the  Navy 

Washington,  D.C.  203^2-5120 

3a.  NAME  OF  FUNOING/ SPONSORING 
organization  Naval  Medical 
Research  and  Development  Command 

8b.  OFFICE  SYMBOL 
(If  applicable ) 

9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

8c  ADDRESS  (Gty,  State,  and  ZIP  Code} 

Bethesda,  Maryland  20814-5055 


io  source  of  funding  numbers 


PROGRAM 
ELEMENT  NO. 

61153N 


PROJECT 

task 

NO. 

NO. 

MR04101 

001  1005 

WORK  UNIT 
ACCESSION  NO. 


1 1  TITLE  include  Security  Classification) 

PLATELET  ACTIVATING  FACTOR  RECEPTOR  BLOCKADE  ENHANCES  RECOVERY  AFTER  MULTIFOCAL  bra1nISCHEMxa 


1Z  PERSONAL  AuTRbR(S) 

PM  KOCHANEK,  AJ  DUTKA,  KK  KUMAROO,  and  JM  HALLENBECK 


Ha.  TYPE  OF  REPORT 
Renort  No.  5 


14.  DATE  OF  REPORT  {Year,  Month.  Day)  15  PAGE  COUNT 

1987,  October  19  5 


16  supplementary  notation 

Reprinted  from:  Life  Sciences,  Vol.  41,  pp.  2639-2644,  1987 


17  COSAT1  COOES _ 18.  SUBJECT  TERMS  {.Continue  on  reverie  if  necessary  and  identity  Cy  olocK  numoer) 

GROUP i sub-group  platelet  activating  factor;  stroke;  ischemia;  air  embolism 


19  ABSTRACT  (Continue  on  revene  if  necessary  and  identify  by  block  number ) 

DTIC 

SELECTEES* 

AUG  0  2  1988 i  1 


zo  distribution/ availability  of  abstract 

OUNCIASSIFIEO/UNIIMITED  □  SAME  AS  RPT  □  OTIC  USERS 

21.  ABSTRACT  SECURITY  CLASSIFICATION 

Unclassified 

22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Phyllis  Blum,  Information  Services  Division 

22b  TELEPHONE  (include  Area  |  22c.  OFFICE  SYMBOL 

202-295-2188  )  ISO /ADMIN /NMRI 

OD  FORM  1473, 34  mar 


33  APR  edition  may  oe  used  until  ennausted 
All  other  editions  ate  obsolete. 


SECURITY  CLASSIFICATION  of  Tm$  PAGE 

UNCLASSIFIED 


Life  Sciences,  Vol.  41 ,  pp.  2639-2644 
Printed  in  the  I'.S.A. 


Pergamon  Journal 


PLATELET  ACTIVATING  FACTOR  RECEPTOR  BLOCKADE  ENHANCES 
RECOVER".  AFTER  MULTIFOCAL  BRAIN  ISCHEMIA 

Patrick  M.  Kochanek,  M.D.2,  Andrew  J.  Dutka,  M.D.* 

K.K.  Kumaroo,  Ph.D.1  and  John  M.  Hallenbeck,  M.D.1 

1  Diving  Medicine  Department 
Naval  Medical  Research  Institute 
Bethesda,  Maryland  20814-5055 

2  Departments  ol  Anesthesiology  and  Child  Health  and  Development 
Children's  Hospital  National  Medical  Center 
111  Michigan  Avenue,  N.W. 

Washington,  DC  20010 

(Received  in  final  form  October  19,  1987) 

,  Summary 

'  -v  IV- 

We  treated  four  anesthetized  dogs  \Canis  farailiaris)  witli 
the  platelet  activating  factor  (PAF)  receptor  antagonist 
kadsurenone  prior  to  60  min  of  multifocal  ischemia  induced  bv 
air  embolism,  and  measured  neuronal  recovery,  blood  flow  and 
autologous  1 1 1  In-labeled  platelet  accumulation  for  4  h  after 
ischemia.  Four  anesthetized  animals  with  identical  ischemia 
served  as  controls.  Kadsurenone  (3  mg /kg)  administered  5  min 
prior  to  ischemia  and  continuously  (1  mg/kg/hr)  throughout 
ischemia  and  recovery  significantly  enhanced  recovery  of 
cortical  somatosensorv  evoked  response  (USER)  amplitude  (7  of 
baseline)  when  compared  to  controls  (27-36/  vs  9-14/,  y  < 

0.05).  We  estimated  platelet  accumulation  as  ^Jln  activity 
(emp/g  tissue)  in  the  injured  hemisphere  minus  that  in  the 
non-injured  hemisphere.  Kadsurenone  treated  animals  did  not 
exhibit  significantly  altered  1 ! !  n- 1 abol ed  platelet 

accumulation  when  compared  to  controls  (6158*1  2386  vs  9979  + 

3852,  mean  "±  SEM) .  Beneficial  effects  of  PAF  receptor 
blockade  other  than  those  on  platelet  accumulation  may 
b.  involved .  y.  .  _  . 

Experimental  evidence  supports  the  accumulation  of  platelets  in  regions 
of  low  blood  flow  following  multifocal  cerebral  ischemia  and  the  production 
of  platelet  aggregates  following  stroke  (1,2).  Inhibition  of  platelet 
activation  is  a  logical  approach  to  prevention  and  therapy  of  cerebral 
vascular  disease.  The  unstable  metabolites  of  arachidonic  acid  initiate 
one  pathway  of  platelet  activation,  and  inhibition  of  their  production 
improves  outcome  after  multifocal  ischemia  and  may  prevent  stroke  (  1,4). 
Platelet  activating  lactor  (i'AI  )  is  a  very  powerful  stimulus  to  platelet 
aggregation  in  rabbits,  humans  and  dogs,  with  effective  doses  in  the 

nanomolar  range  (5,6).  PAF  has  a  specific  membrane  protein  receptor 
on  platelets,  leukocytes,  and  smooth  muscle,  (6)  and  produces  leukoevte 
activation  and  smooth  muscle  contraction,  in  addition  to  aggregating 

platelets  (5).  UV  report  the  effectiveness  of  a  specific  PA  I  reieptor 

’'locking  agent,  kadsurenone,  in  improving  the  outcome  of  mult  if-',  .il 
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brain  ischemia  induced  by  air  embolism  (7,8,9). 

Methods 


Eight  conditioned  male  mongrel  dogs  were  anesthetized  with  alpha 
chloralose  and  mechanically  ventilated.  Appropriate  catheters  were  inserted 
to  allow  for  monitoring  of  blood  pressure,  sampling  of  arterial  blood  for 
periodic  hematocrit  and  blood  gas  measurements,  and  infusion  of  anesthesia 
and  drugs.  Temperature  was  maintained  between  37.5  and  38.5  °C  with  warming 
pads.  A  PE-50  catheter  was  placed  in  the  right  internal  carotid  for  the 
injection  of  air.  After  initial  preparation,  102  mis  of  blood  were 
withdrawn  into  18  mis  citrate  and  the  platelets  were  separated  and  labelled 
with  1 1  *In  as  previsouly  described  (1).  The  red  cells  were  reinfused,  and 
electrodes  mounted  in  the  skull  for  recording  the  cortical  response  evoked 
by  left  median  nerve  stimulation  (CSER) . 

The  Pl-Nl  amplitude  of  five  responses  was  averaged  as  a  baseline  value, 
then  the  kadsurenone  or  the  kadsurenone  vehicle  was  infused.  The  evoked 
responses  were  then  re-recorded  ro  be  certain  there  was  no  direct  effect  of 
the  drug.  The  ischemic  period  then  began  with  the  injection  of  50 
microliters  (ul)  of  air  into  the  right  internal  carotid.  Every  90  seconds 
for  the  next  hour,  the  CSER  was  measured ,  and  doses  of  20-40  |i  1  were  given 
according  to  a  predetermined,  rigid  rule  system  designed  to  maintain 
the  Pl-Nl  amplitude  between  10  and  20%  of  the  baseline  value  (3). 

Immediately  after  ischemia,  the  autologous  1 1 1 1  n-  1  nh«> !  <•<!  plat  <>1<*' s  n 
infused  and  CSER  measurements  were  made  every  10  min  during  a  4  h  recovery 
period.  At  the  end  of  ischemia,  1<,C  iodoant  ipyrine  was  infused  for  the 
autoradiographic  determination  of  blood  flow  after  euthanasia  with  saturated 
KC1,  the  brain  was  removed,  frozen  in  freon  at  -70  °C  and  each  hemisphere 
divided  coronally  into  3  segments.  Samples  of  watershed  area  cortex  from 
each  segment  and  each  hemisphere  were  excised,  weight’d ,  and  counted  on  a 
gamma  counter  without  further  preparation.  The  right-left  hemisphere 
difference  (cpm/g)  of  11  ^In  activity  was  then  calculated  for  each  segment 
and  averaged  to  give  a  mean  for  each  animal  (1).  The  frozen  brain  was  then 
cut  into  20  micron  sections  for  autoradiography. 

Four  animals  were  treated  with  an  intravenous  bolus  of  the  PAF  receptor 
antagonist  kadsurenone  (3  mg/kg)  followed  by  a  continuous  intravenous 
infusion  (1  mg/kg/hr)  for  the  entire  5  h  duration  of  each  experiment.  Each 
10  mg  aliquot  of  kadsurenone  was  dissolved  in  200  pi  of  dimethyl  sulfoxide 
(DMSO)  and  then  suspended  in  20  ml  of  phosphate  buffered  saline  (I’BS)  by 
rapid  vortexing  at  50-60  °C  immediately  prior  to  infusion  (7).  Four  control 
animals  were  administered  and  eoual  volume  of  OMSO/PRS  vehicle  in  an 
identical  manner.  The  control  and  treated  animals  were  done  alternately. 

Samples  of  citrated  blood  were  removed  prior  to  drug  administration  and 
at  5,  15,  60  and  240  min  after  therapy  from  all  treated  animals  and  from  2 
controls.  Platelet  rich  plasma  (PRP)  obtained  from  these  samples  was 
employed  in  aggregation  studies  with  threshold  concentrations  of  PAF 
(0.1-0.15  pM  L  phosphatidylcholine,  B-acetyl,  O-alkyl;  Sigma,  St.  Louis)  to 
assay  for  evidence  of  in  vivo  drug  effect  (7).  Percent  inhibition  was 
calculated  using  the  maximal  transmittance  at  1  min  after  stimulation  with 
PAF.  Two-way  analysis  of  variance  was  applied  to  the  CSER  data  to  test  the 
effect  of  time  and  treatment.  individual  comparisons  were  made  using 
Wilcoxon  rank  sum.  All  results  are  reported  as  mean  ±  standard  error. 
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The  mean  evoked  response  control  amplitude  prior  to  administration  of 
kadsurenone  was  233.6  ±  31.9  pv  (4  dogs).  Five  min  after  injection  of 
kadsurenone,  the  mean  amplitude  was  231.6  i  30  pv;  there  is  no  significant 
difference  between  these  values. 

We  estimated  the  severity  of  ischemia  in  both  groups  by  comparing  the 
following  indices:  1)  the  amount  of  air  administered  (0.3!  ±  .0.10  ml 
control,  vs  0.30  ±  0.04  ml  treated);  2)  the  percent  of  readings  during 
ischemia  that  were  <  20%  of  baseline  CSER  amplitude  (84  ±6  vs  82  ±  7);  3) 
the  percent  of  readings  during  ischemia  that  were  <10%  of  baseline  CSER 
amplitude  (31  ±  11  vs  43  i  11);  4)  the  CSER  amplitude  (%  of  baseline)  at 
the  end  or  ischemia  (  9  i  1  vs  11  1  1).  No  difference  between  groups  was 
detected.  Platelet  aggregation  induced  by  0.1  pM  PAF  in  animals  receiving 
kadsurenone  was  inhibited  95  ±  5%  at  15  min  and  46  t  18%  at  five  hours 
following  initial  infusion  of  the  drug.  The  response  of  platelets  in 
PRP  obtained  from  control  animals  (n  =  2)  to  PAF  at  all  4  time  points  was 
unchanged  from  pre-ischemia  aggregation. 


cannon  somtoseksorv  evoked  re  spouse  amplitude.  ±  stmdard  error 


FIG.  1 

Effect  of  Kadsurenone  treatment  on  CSER  recovery  (X  of  baseline 
Pl-Nl  amplitude)  versus  time  after  onset  of  ischemia.  The 
abcissa  shows  time  after  onset  of  ischemia;  the  ordinate  is  the 
percent  of  baseline  evoked  response.  The  difference  between 
treated  and  control  groups  was  significant  p  <  0.05. 
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The  time  course  of  CSER  amplitude  recovery  is  shown  below.  A  two-way 
A.MOVA  for  repeated  measures  applied  to  this  data  shows  a  significant 
difference  in  favor  of  treatment  (p  <  0.06)  with  no  significant  effect  of 
time,  although  the  treatment  effects  appears  most  marked  during  the  first 
hour  of  recovery.  The  Wilcoxon  rank  test  shows  a  significant  differ*  nee 
in  recovery  20  min  after  ischemia  which  persists  at  1  hr.  Percent 
recovery  at  20  min,  1  hr,  and  4  hr  was  35  t  3".',  36  ±  32,  and  27  t 
6 7,  in  treated  animals.  The  contro1  recoveries  at  the  same  time  points 
were  11  i  32,  12  ±  22,  and  14  ±  7%.  Despite  enhanced  CSER  ie. every, 
kadsurenone  did  not  significantly  alter  autologous  f  1  ‘ In-labeled  platelet 
accumulation  after  4  h  of  recovery.  The  injured  hemisphere  minus 
control  hemisphere  CPM/g  value  (average  of  anterior  posterior  and  middle 
segments),  mean  and  SEM  for  four  animals,  van  0158  t  2336  (treated) 
and  9979  i  3852  (controls). 

The  method  used  to  cut  the  brain  yielded  sections  that  allowed 
identification  of  9  gray  matter  areas  and  6  white  matter  areas  for  each 
animaL.  The  blood  flow  in  each  area  was  calculated  from  densitometer 
readings  and  averaged  for  the  gray  and  white  matter  areas  for  each  group. 
There  was  no  difference  in  the  blood  flow  in  anv  single  area  between  the 
groups,  nor  was  there  any  difference  in  average  blood  flow.  The  average 
gray  matter  flow  (ischemic  hemisphere,  ml s/ 1 OOg/mi n)  in  the  control  group 
was  68  ♦  15  and  120  t  58  in  the  treatment  trout* ,  white  natter  flow 
(ischemic  hemisphere)  was  IS  ♦  7  in  the  contiol  and  33  t  1!.  in 
the  treatment  group.  Since  air  embolism  produces  areas  of  very  low 
flows  surrounded  by  areas  of  higher  flows,  which  t end  lo  average 
to  normal,  we  also  calculated  the  number  of  animals  in  both  groups  that 
had  flows  below  6  ml s/lOOg/nin  in  the  white  matter,  and  15  ml s/ 1 00g/ni n 
in  the  gray  matter.  These  flows  are  associated  witn  severe  neuronal 
dysfunction  (3).  The  treatment  group  had  no  flows  in  this  range,  but  two 
animals  in  the  control  group  had  veiv  low  flows,  one  having  10  areas  of 
severe  damage,  another  having  one  area. 

I)i  scussion 

Our  results  demonstrate  that  kadsurenone  administered 
prophvlact  ical  ly  improved  outcome  after  multifoc.il  cerebral  ischemia 
induced  by  air  embolism.  The  improved  outcome  if  manifested  by  improved 
evoked  response  amplitude,  but  this  is  not  accompanied  by  anv  change 
in  platelet  accumulation.  The  estimate  of  platelet  accumulation  has 
a  large  variance,  however,  and  thus  this  result  is  not  statistically 
powerful.  Kadsurenone  infusion  had  no  of  feet  on  evoked  response 
amplitude  prior  to  ischemia,  thus  its  effect  would  seem  to  he 
on  pathophysiologic  mechanisms  of  ischemia. 

We  have  previously  shown  that  platelets  accumulate  in  areas  of  low 
blood  flow  following  ischemia  (1).  Platelet  aggregates  mav  well 
contribute  to  worsening  hi  nod  flow  in  the  isehemii  region, 
thereby  impeding  recovery.  The  apparent  dissociation  improved  outcome 
and  continued  platelet  accumulation  with  a  therapy  designed  to 
inhibit  platelet  function  is  therefore  surprising,  hut  there  -ire 
several  reasonable  explanations  for  this  dissociation.  Although  we  were 
able  to  show  that  the  doses  used  in  the  study  inhibited  platelet 
aggregation  induced  by  0.1  micromolar  RAF  in  peripheral  arterial 
blood,  kadsurenone  is  a  reversible  competitive  inhibitor  of  the  RAF 
receptor  (7,8,9),  and  we  have  no  data  on  the  concentration  of  the 
drug  in  the  affected  brain  area.  Hence,  it  is  possible  that  local 
concentrations  of  RAF  in  the  injured  zone  mav  have  exceeded  the  thre  held 
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for  aggregation.  In  addition,  it  is  probable  that  PAF  is  not  the  only 
mediator  of  platelet  aggregation  involved  in  the  process  of  platelet 
accumulation  during  ischemia.  Metabolities  of  arachidonic  acid  have 
powerful  effects  on  platelets  and  manipulation  of  this  system  improves 
recovery  following  ischemia  (3,10,11).  Exposure  to  subendothel ial 
proteins  is  a  powerful  stimulus  to  platelet  aggregation  (12).  It  is 
likely  that  inhibition  of  multiple  systems  of  platelet  activation 
would  be  required  to  completely  eliminate  accumulation.  It  is  even 
possible  that  accumulation  of  platelets  represents  adhesion  to  damaged 
endothelium  that  does  not  require  platelet  activation  (13),  and  therefore 
would  not  be  affected  by  inhibitors  of  platelet  aggregation.  Finally,  it 
is  possible  that  platelet  accumulation  may  have  differed  at  earlier  time 
points  when  the  evoked  response  recovery  differed. 

l  fie  effects  of  PAF  are  not  limited  to  platelet  activation, 
and  inhibition  of  these  other  effects  may  be  responsible  for  the  improved 
USER  recovery.  PAF  stimulates  leukocyte  aggregation  and  production  of 
superoxide  anion,  leukotriene  B4,  and  PAF  (14).  We  have  shown 
that  leukocytes  accululate  in  the  ischemic  area  within  four 
hours  following  air  embolism  (13).  Inhibition  of  I’AF  induced  activation 
may  therefore  reduce  the  damage  caused  by  these  leukocytes.  In 
the  absence  of  platelets  or  leukocytes,  PAF  causes  coronary 
vasoconstriction  and  decreased  contractility  (16,17)  and  mediates  the 
hypotension  produced  by  endotoxin  (7).  Injected  into  the  skin,  it 
produces  edema  (18).  Kadsurenone  antagonizes  the  hypotensive  response 
and  hinds  to  receptors  on  leukocytes  and  smooth  muscle  (5,19).  Thus,  it 
is  possible  that  the  beneficial  effect  of  kadsurenone  may  be  due  to 
reduction  of  edema  or  to  improvements  in  local  collateral  circulation, 
although  the  extent  to  which  PAF  is  involved  in  these  phenomenon 
in  the  brain  is  unknown.  There  is  no  direct  evidence  for  the 
existence  of  PAF  receptors  in  the  brain,  although  the  peripheral  anti-PAF 
receptor  effects  of  t riazolobenzod iazepines ,  which  are  psychoactive,  have 
led  to  speculation  about  receptor  similarity  (20). 

Inhibitors  of  PAF  represent  a  novel  approach  to  treatment  of 
ischemia.  Results  of  this  study  suggest  that  further  work  in  this  area 
might  be  promising,  but  do  not  prove  that  PAF  is  involved  in  brain  injury 
following  ischemia. 
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